Abstract: Involvement in road traffic crashes as vehicle occupants is a leading cause of death and serious injury among children. The objective of this study was to investigate crash severity factors and child safety restraint use characteristics in order to identify effective countermeasures to increase children's highway safety. Characteristics and percentages of restraint use among child passengers aged 4~13 years were examined using highway crash data from Kansas. The association between restraint use, injury severity and characteristics of children involved in crashes were investigated using OR (odds ratios) and a logistic regression model, which was used to identify risk factors. Results showed that children, who were unrestrained, were seated in the front seat, traveling with drunk drivers and on rural roads, and traveling during nighttime was more vulnerable to severe injury in the case of motor vehicle crashes. The most frequent contributing causes related to crashes involving children included driver's inattention while driving, failure to yield right-of-way, driving too fast, wet roads and animals in the road. Based on identified critical factors, general countermeasure ideas to improve children's traffic safety were suggested, including age-appropriate and size-appropriate seat belt restraints and having children seated in the rear seat. Parents and children must gain better education regarding these safety measures in order to increase child safety on the road.
Introduction
Motor vehicle crash involvement is the leading cause of death among children aged 4~13 years in the United States, according to the data reported by CDC (Centers for Disease Control and Prevention). From 2004 to 2007, a total of 3,809 fatalities due to injuries sustained in car crashes were reported among 4-to 7-year-old children and were the primary cause of death among this age group. According to CDC data, the leading cause of death among children aged 8~13 years was also traffic-related injuries, indicating a total of 5,234 fatalities. These motor vehicle crashes accounted for 51% of child deaths from unintentional injuries. Over the last few decades, the safety of child restraints. Older children might demonstrate a simpler understanding of why they wear seat belts, more so than the younger drivers. Typically, children are affected by parental influence and a desire to comply with the rules. Some children may express a desire not to wear their seatbelts and resist when parents tell them to buckle their safety belts. Hence, child passengers are different than other passengers, and it is important to give attention to this age group because this is when they begin to make independent decisions to wear their seat belts or not.
The main objective of this study was to investigate severity factors related with crashes involving children, with special focus on restraint usage, in order to identify effective countermeasures to increase children's highway safety. Objectives of this paper include the examination of various risk factors for children in crashes, such as failure to use restraint, riding with a drunk driver and child safety restraint usage characteristics. Seating position of the child passenger in the vehicle was also studied since seating position in the vehicle at a crash may contribute to injury risk. According to likelihood ratios of the developed model, potential actions that may improve safety of children involved in crashes are suggested.
Literature Review
Many researchers have evaluated the association between child restraint use and crash characteristics [1, 3] . The NOPUS (National Occupant Protection Use Survey), which collects detailed information regarding national-level shoulder belt and child restraint use levels as required by the NHTSA (National Highway Traffic Safety Administration), is often used by researchers to study child safety restraint characteristics of children under 12 years old. According to NOPUS data in 2009, observed seat belt restraint use among 4-to 7-year-old children in the US was 87%, which was slightly higher than 85% restraint use of children aged 8~12 years [4] . Child seat restraint system effectiveness has also been assessed using morbidity data taken from emergency departments or hospitals [1] . A few studies have been based on data from fatality databases, such as FARS (Fatality Analysis Reporting System) and state crash databases [4] [5] [6] .
Agran et al. [7] investigated restraint use of children in fatal crashes in relation to vehicle and driver characteristics. Based on this study, restraint use of children was as low as 31% in older vehicles, 54% in rural areas and 23% between the hours of 3 a.m. and 6 a.m. The developed logistic regression models showed that restraint use declined with increasing number of occupants. As the age of children increased, the percentage of fatally injured children who were unrestrained also increased. Hence, child-occupant restraint use under all conditions of travel and all seating positions must be stressed by child-occupant protection counseling. Miller et al. [8] identified significant risk factors with the presence of a second adult in children-involved crashes involving a male driver, night driving, driving under the influence of alcohol, other moving or non-moving violations and the driver being unrestrained. Results showed that, as drivers got older, they were more likely to secure a baby in a child seat than ensure that the older children buckle up. Mature drivers in suburban areas were significantly more likely to restrain children than other drivers. A male driver, a young driver, a drunken driver and a nighttime trip each raised the likelihood of children being unrestrained when children were involved in crashes. The study pointed out that, other than programs promoting child safety and booster seats for the youngest children, few programs emphasize occupant restraint as the driver's responsibility.
Incidence rates of incapacitating injuries and risk ratios have been used to evaluate differences in injury risks to various regions of the body, based on restraint use among children involved in crashes [9] . Results indicated that use of child safety seats effectively reduces incidence rates of incapacitating injuries for children involved in frontal, side impact or rollover The double-pair comparison method was also used by Starnes [6] to examine restraint-use patterns among child occupants involved in crashes, in which a child was fatally injured. According to results, restraint use of fatally-injured child passengers and their drivers were strongly correlated. Child passengers were far more likely to be unrestrained if the driver was also unrestrained. Olsen et al. [11] used generalized estimating equations to estimate relative risk for child, driver and crash characteristics for restrained drivers as compared to unrestrained drivers. Restrained drivers with restrained children were less likely to exhibit risky behaviors, including intoxication, speeding, prior traffic violations and involvement in injury crashes. The study identified overall associations between driver restraint use and lower risk of child emergency department evaluations. Vehicle and crash characteristics were associated with more severe outcomes in children. The recommendation was made that mechanisms to increase safe-driving practices of drivers transporting child passengers could potentially decrease the number of child passenger injuries from crashes. Quinlan et al. [12] examined the characteristics of crashes involving child passenger death and injuries associated with drunken drivers and identified opportunities to prevent such crashes.
Approximately 64% of fatal crashes occurred when a child was riding with a drunken driver. Of drivers involved in a crash in which a child passenger died, drunken drivers were more likely to have been previously convicted of driving while intoxicated or to have had their licenses suspended or revoked. The study also showed that a majority of drunken-driver-related child passenger deaths occurred when the child was unrestrained. The recommendation was made that further reduction of unacceptable risks of child passenger injury and death associated with alcohol-impaired drivers could be accomplished through legal, medical and educational interventions.
Data
This study used highway crash data from the KCARS (Kansas Crash Analysis and Reporting System) database, which is comprised of all police-reported crashes in Kansas above a certain property damage threshold ($1,000 for the data set considered here). Data on children involved in crashes from 2004 to 2008 traveling by a motorized vehicle covered under the Kansas Child Passenger Safety Act, such as an automobile, van, pick-up truck or sport utility vehicle, were extracted for consideration and analysis. Children between 4~13 years old traveling with adult drivers were selected as the focus group, based on restraint-use requirements in Kansas. Two different sub-age group categories were also considered for analysis as follows:
children between 4 and 7 years, who are supposed to be restrained in booster seats unless weighing more than 80 pounds and taller than 57 in.; children between 8 and 13 years, who are supposed to be seat-belted.
The KCARS database includes details about restraint use for all vehicle occupants, including non-injured occupants. Records also contain information regarding crash circumstances, such as weather conditions at the time of the crash, road and 
Methods
This section describes the methodology adopted to identify important characteristics affecting child passengers involved in crashes. First, percentages of restraint use among child passengers involved in crashes in each age group were examined using KCARS data, and RR (relative risk) ratios of the older child sub-group were calculated in comparison to younger child passenger sub-group. Second, drivers were paired with each crash-involved child in the vehicle according to the double-pair comparison method because driver characteristics could be stronger predictors of child restraint use [12] . This method has been commonly used in child passenger safety literature if the driver and at least one child occupant are in a vehicle involved in a crash. Two occupants in the vehicle are referred to as subject occupant and control occupant. Subject occupant is the person whose characteristics are used to determine injury risk or restraint use. The control occupant standardizes the conditions to investigate restraint usage effectiveness of the subject occupant. In this study, the control occupant is the driver of the child involved in a crash, while the subject occupant is the child passenger. For example, a driver with two crash-involved children in the vehicle was included in two separate driver-passenger pairs, once for each child with the driver. Accordingly, different driver characteristics were determined for child passengers' restraint use and injury risk.
Logistic Regression Analysis
Logistic regression analysis was used to determine the relative effect of child restraint system usage when children are involved in crashes. Injury severity was selected as the dependent variable in a model investigating characteristics of restraint use. The dependent variable (injury severity) has several discrete categories. The dichotomous nature of the dependent variable facilitates the application of logistic analysis, for which the probability of injury against no-injury categories is estimated by the maximum likelihood method [13] . In the logistic model, a dependent variable is formulated by the following expression:
g(x) = independent variables formulated in the logistic model;
x j = value of the jth independent variable; β j = corresponding coefficient of the jth independent variable; p = number of independent variables. With the independent variables, the conditional probability of a positive outcome is determined by:
where, π(x) = conditional probability. The maximum likelihood method is then employed to measure the associations by constructing the likelihood function as follows:
where: l(β) = likelihood function; π(x i ) = conditional probability of the dependent variable; y i = ith observed outcome, with the value of either 0 or 1 only; i = 1, 2, 3,…, n, where n is the number of observations.
The log likelihood expression is considered to maximize the likelihood function in order to obtain the coefficients estimates:
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where: LL(β) = log likelihood function; l(β) = likelihood function; π(x i ) = conditional probability of the dependent variable; y i = ith observed outcome with the value of either 0 or 1 only; i = 1, 2, 3,…, n, where n is the number of observations.
Maximization typically requires an iterative numerical method, which means that it involves successive approximations. Hence, the best estimate of β could be obtained by a numerical method using statistical software.
Goodness-of-Fit Measure
The goodness-of-fit of the predictive model could be assessed for significance and predictive power of the logistic regression model. To evaluate it, the change in deviance can be determined by comparing log likelihood functions between the unrestricted model and the restricted model, under the null hypothesis that coefficients for the predictive model are equal to 0, with the following expression [13] : If G is significant at the 5% level, the null hypothesis would be rejected and the conclusion could be made that the proposed model generally fit well with the observed outcome.
The LR (likelihood ratio) test is the chi-square test where at least one of the predictors' regression coefficients is not equal to 0 in the model. The LR chi-square statistic can be calculated by:
L(null model) = intercept-only model; L(fitted model) = intercept and covariates model. The score chi-square test shows at least one of the predictors' regression coefficients is not equal to 0 in the model.
Another used goodness-of-fit measure is the AIC (Akaike information criterion), which is calculated as:
where: L = likelihood of the model; k = number of levels of the dependent variable; s = number of predictors in the model. The AIC is used for comparison of models from different samples or non-nested models. Ultimately, the model with the smallest AIC is considered the best. The SC (Schwarz criterion), which is also considered in evaluating goodness-of-fit, is defined as: 
Multicollinearity
In some cases, logistic regression results may seem paradoxical, meaning the model fits the data well, even though no independent variables have a statistically-significant impact on predicting the dependent variable. In many situations, this occurs because of the correlation of two independent variables. Neither variable may contribute significantly to the model after the other one is included. However, model fit will be worse if both variables are removed from the model because the independent variables are collinear and the results show multicollinearity. The goal of
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traffic safety analysis is to understand how various independent variables impact the dependent variable; Hence, multicollinearity is a considerable problem [14] . One issue is that, even though the variable is important, model results show that it is not significant. The second problem is that the confidence intervals on model coefficients will be very wide. To assess multicollinearity, the correlation matrix of the independent variables can be investigated. If the element of correlation matrix has high value, model fit is affected by multicollinearity of the independent variable correspondent to that element. Also, each independent variable can be predicted from other independent variables. The model-fit statistics, such as individual R 2 value and a VIF (variance inflation factor), are high for any independent variable, and model fit is affected by multicollinearity.
Odds Ratios
To measure the strength of association between variables, OR (odds ratios) and 95% confidence intervals were calculated. The OR is a widely-used statistics in traffic safety studies to compare whether the probability of a certain event is the same for two groups [13] . An odds ratio greater than 1.00 indicates that the concerned attribute leads to a higher injury risk and vice versa. Univariate and multivariate techniques were used for analysis. Univariate techniques are those which utilize only a single independent variable, while multivariate techniques provide a linear combination of independent variables that satisfy statistical criteria.
Results
According to restraint-use percentages of children in crashes based on injury severity, restraint use was very low among fatally-injured child passengers, whereas restraint use was higher in the not-injured group. Age distribution of drivers for children involved in crashes indicates that a majority of children were traveling with 25-to 44-year-old drivers at the time of a crash. Results in Table 1 show that the straight-following road was the predominant crash type for children involved in crashes. Vehicle maneuver observation is important because it offers reasons for movements and actions that a driver may have performed, in case of a crash. Collision with a vehicle was the primary crash type; Non-collisions and overturning of vehicles occurred less frequently. A majority of crashes occurred during daytime hours and during weekdays, where children are more likely to be traveling. Majority of children were involved in crashes occurring in the afternoon and evening. In relation to most characteristics, calculated RR values of 8-to13-year-old children compared to 4-to 7-year-old children were above 1.00, as shown in Table 1 . Those numbers also show that children aged 8~13 years had higher risk for injuries in crashes compared to children aged 4~7 years. Table 2 shows child passenger and driver characteristics of crashes involving children, as well as older passenger and driver characteristics for other crashes. Unrestrained children had significantly higher rates of incapacitating injuries in side impacts than restrained children. Driver-injury-severity distribution indicates the driver was not injured in most crashes involving children. Gender distribution shows female drivers ride more frequently with children at the time of crashes. The proportion of female drivers was higher in crashes where children aged 4~7 years were involved than children aged 8~13 years. A considerable number of violations, such as failure to use the safety belt, alcohol involvement and lack of a valid license, can be observed among drivers riding with children involved in crashes. The gender of the child passenger was somewhat equally distributed among children involved in crashes. In addition, a considerable percentage of children aged 4~7 years who were supposed to be in booster seats were restrained by only seat belts. Approximately 93% of child passengers were restrained at the time of the crash. According to observational studies in Kansas, seat belt usage rate was approximately 77% in 2011, significantly less than the rate determined by crash data. Furthermore, the older-child group demonstrated greater risk than the younger-child group by showing RR values greater than 1.00, in all characteristics except ejection from the vehicle.
As indicated in Table 3 , most 4-to 7-year-old children were involved in crashes occurring on urban collectors, while a higher proportion of crashes occurred at non-intersections on roadways where children aged 8~13 years were involved. Many crashes took place under no adverse weather conditions and a significant number of crashes occurred in adverse conditions. Crashes on dry roads and straight and level surfaces were the most prevalent crash conditions for children involved in crashes. In most cases, the vehicle was functional after the crash, thus reflecting the findings of many children-involved crashes in Kansas as belonging to the "not injured" category. The investigation of restraint use among children involved in crashes revealed that restraint use decreases with an increased number of occupants in the vehicle. Use of restraints was substantially lower in older vehicles and crashes that occurred during late night and early morning hours. Driver restraint use strongly influenced restraint use of children, such that children were more likely to be restrained in vehicles with restrained drivers. When the driver was restrained, 93% of children aged 4~7 years were restrained. When the driver was unrestrained, 56% of children passengers were restrained. In the older-child group, the percentage of unrestrained children increased whether they were traveling with unrestrained drivers or restrained drivers. In the older-child age group, 58% of children were not restrained when the driver was unrestrained, while 94% of children were restrained when riding with a restrained driver. Child restraint use was lower in rural areas compared to urban areas. Driver alcohol use was associated with lower restraint use, most likely indicative of high-risk drivers who are less likely to Approximately 94% of children were restrained by valid driver license holders, but only 83% of children were restrained by invalid license holders or drivers that were not licensed. Only 11% of crash-involved children were in the middle seating position of the rear seat, but almost 66% of children travelled in the rear seat. According to percentages of restrained children by seating position, children traveling in the front seat were less likely to be restrained than children traveling in the rear seats. Children who travelled in left and right rear-seating positions indicated a high percentage of restraint use. Restraint use among children involved in crashes decreased with increased age. Table 4 shows the odds of univariate and multivariate analysis. Child passengers traveling with valid licensed and restrained drivers were lower in injury risk. Investigating odds of child-passenger-related risk factor was ejection, which may be due to failure to restrain. The odds ratios of environmental-related variables were not statistically significant at the 95% confidence interval. Injury risk on rural roads in which a child passenger was involved in crashes was higher than on urban roads in Kansas. Off-roadways showed a higher injury risk for children, and injury risk on dry roads was lower than wet roads when child passengers were involved in crashes. Also, riding on straight, level road surfaces was a significantly lower injury risk than travelling on curved or unleveled road surfaces. In the case of a crash, the child would be at a higher injury risk if the vehicle was disabled or destroyed, compared to a vehicle which did not sustain damage.
Logistic Regression Model
A logistic model was developed to further investigate child passenger injury and the dependent variable. Injury severity is defined as a binary variable depending on whether the child is injured or not injured. All other crash, vehicle, roadway, environment, driver and passenger attributes were used as independent variables. According to estimated coefficients in Table 5 , male children were less likely to be injured when involved in crashes than female children. If the child was in a child seat, injury severity was less. Children using seat belts were less likely to suffer injuries when involved in crashes. If the child passenger was ejected or trapped, or if the vehicle was destroyed or disabled, the child had a high chance of injury. If the driver had a valid driving license, the vehicle was newer, and it did not get damaged, had minor damage, or was functional at the time of crash, child passengers were less likely to suffer injuries. Alcohol involvement of the driver, travelling on rural roads, travelling by automobile or pick-up trucks or travelling at high speeds showed high injury risk for child passengers.
Contributory Causes
Many factors combine to produce circumstances leading to a traffic crash; A single cause is rare. Contributing causes related to children involved in crashes are provided in Table 6 . Inattention and failing to give enough time and attention to the driving task were the most frequent driver factors in child-involved crashes. When the contributory cause was distraction, reckless/careless/aggressive driving, alcohol involvement or restricted driver license, child-restraint use was significantly low. There were occasions when the driver had to react to unexpected events. Therefore, road conditions and surrounding conditions must be considered as primary factors, important for safe driving. Roadway-related contributory causes include wet, debris or icy roads as main factors. Child-restraint use was lower in rain, snow, smog or cloudy environmental contributory crashes. Tires and brakes were the most common vehicle-contributing causes for crashes involving children. Presence of one or more of these contributory causes does not prove that a child is being harmed or is at risk of harm, but it can alert to the possibility that a child may be at risk.
Countermeasures
The developed logistic regression model identified risk factors which increase injury severity. Safety-restraint use is one of the most highly significant variables that could reduce child-injury risk. Hence, age-appropriate and size-appropriate restraints can be used as an effective strategy for reducing injury severity of children involved in crashes and reducing costs associated with those crashes. Many efforts have been taken to increase age-appropriate and size-appropriate restraints for children. This analysis showed that many children are still transported without appropriate restraints. Therefore, continued efforts are needed to increase child-safety-restraint usage, especially in rural areas and during nighttime. Different strategies are necessary to increase child restraint use compared to adult seat belt use, as issues associated with increasing child restraint use are different than those for increasing adult seat belt use. 
Child Restraint Laws
Child restraint laws require children traveling in motor vehicles to be restrained in equipment appropriate for the child's age and size. Transitioning children from child seats to booster seats, instead of directly to seatbelts, provides more safety benefit for children at least through age of eight. NHTSA [15] stated that use of booster seats reduces injury risk of children in crashes by 45%, compared to use of vehicle safety belts only. Also, laws requiring children to use restraints whenever and wherever they sit in vehicles are needed. According to results of this study, children in the front seat are more vulnerable for injury when involved in crashes. Nevertheless, a significant proportion of children involved in crashes were sitting in front seats. Currently, children are strongly recommended to be restrained in the rear center seat. In order to increase child safety,
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legislation could be changed to require all children less than 8 years old be restrained in the rear seat.
Enforcement
More enforcement of child restraint laws for booster seat use for children aged 4~7 years is needed. Previous enforcement efforts increased correct use of booster seats and use of safety belts by older children. Therefore, law enforcement officers should continue to increase enforcement of child passenger restraint use laws. Highly-publicized, high-visibility enforcement of child restraint laws is one of the most effective countermeasures for increasing child restraint use, as reported by NHTSA [15] . Our findings suggest that driver characteristics play an important role in child passenger crashes. According to the developed model, avoiding alcohol-involved driving is an important factor in reducing child injury risk, which is also a factor in reducing crash involvement. Hence, enforcement against drunk driving is needed, especially at locations where high alcohol use is expected. Further results showed that driver restraint use is closely associated with child restraint use. Enforcement officers should pay more attention to increasing driver restraint use, thus increasing child passenger restraint use, reducing ejection at time of crash and reducing child injury risk. Enforcement activities should be more targeted and improved toward vulnerable drivers who do not have valid driving licenses and at more critical locations where high posted speed limits exist or in rural areas as identified from the developed model. Also, reckless, careless and aggressive driving should be reduced by enforcement activities because those drivers are less likely to buckle a child into proper restraints. Investigation of attitudinal or motivational factors to increase safety restraint use would be helpful in identifying critical areas for enforcement programs.
Publicity and Education
Restraint-use campaigns and education programs focusing on the negative impact of restraint non-use and addressing issues related to low habitual seat belt use by children are effective activities to increase child restraint use. According to NHTSA [15] , community-wide information in addition to enhanced enforcement campaigns and child restraint distribution in conjunction with education programs are effective activities for increasing restraint use among children. Educational programs should focus on the main contributory causes that increase child passenger risk. Drivers should try to engage less in inattentive driving, failure to yield right-of-way, driving too fast, following too closely, distracted driving, disregarding traffic signs and signals, reckless, careless, aggressive driving and travel wet roads. In particular, parents should not allow to children to ride with an alcohol-impaired driver.
Education programs at schools are effective in improving safety restraint use by children aged 8~13 years [15] . Parents need to know that they are the most influential factor in child safety and children's use of safety restraints. Older children simply forget to fasten a seat belt or feel that seat belts are uncomfortable. In such situations, parents need to mention the importance of restraint and help them buckle up. Previous researchers revealed that some parents have limited knowledge on height and weight recommendations applicable to their children in regards to restraint use. Therefore, parental education programs are a good strategy to increase restraint use among children.
Conclusions
In order to identify risk factors associated with children aged 4~13 years who are involved in crashes, the logistic regression model was developed. The objective of this model was to study the effect of variables contributing to higher injury risk for children involved in crashes. Based on the model, restrained children traveling with a valid driver's license holder, in a newer vehicle or on urban roads, are at lower risk
